Characterization of endogenous synthesis of prolactin (PRL) proteins and their cellular localization in labial salivary glands of patients with Sjö gren's syndrome (SS) were achieved. PRL, PRL-receptors (PRL-R), and S100A6 protein were detected by immunohistochemistry. In situ prolactin synthesis was investigated in controls and SS patients by ex vivo incubation of minor salivary glands biopsies and immunoprecipitation assay. Increased PRL-immunoreactivity was found in cytoplasmic acinar epithelial cells in SS patients compared with normal subjects. PRL-R was distributed only in ductal epithelial cells in which S100A6 protein (a PRL-R-associated protein) was also present. PRL, PRL-R, or S100A6-immunoreactivity was not detected in infiltrating mononuclear cells. Immunoprecipitation demonstrated that PRL synthesis occurred in minor salivary glands with increased synthesis of two distinct PRL-like proteins (one major band at 60 kDa and a minor at 16 kDa) in SS glands compared with normal glands. Expression of PRL gene was demonstrated in SS salivary glands using RT-PCR. A positive correlation was found between the presence of PRL-like proteins in acinar epithelial cells of SS patients and clinical extraglandular manifestations. The presence of anti-Ro and anti-La antibodies also positively correlated with a higher percentage of PRL in acinar epithelial cells. In conclusion, PRL-like proteins are synthetized and overexpressed in glandular epithelial cells of labial salivary glands from SS patients and correlate with the aggressiveness of the disease. (Lab Invest 2000, 80:239-247).
S jö gren's syndrome (SS) is an autoimmune disorder characterized by lymphocytic infiltration into salivary and lacrimal glands clinically leading to dry eyes (keratocunjunctivitis sicca) and dry mouth (xerostomia) . This condition is one of the more common autoimmune diseases, with a prevalence of 1% to 3% (Dafni et al, 1997) . SS may be primary when isolated or secondary when associated with another autoimmune disease, most frequently rheumatoid arthritis or systemic lupus erythematosus (Dafni et al, 1997 ). The precise mechanism responsible for the impairment of the glandular tissue remains unknown, but a direct lymphocyte-glandular epithelial cell contact might be involved with infiltrating T-lymphocytes exhibiting a CD4ϩ␣␤CD45Ro phenotype (Adamson et al, 1983) that can initiate glandular cell apoptosis through granzyme A and perforin production (Alpert et al, 1994; Moutsopoulos, 1994) .
The epithelial cell is not an innocent bystander, but plays a major role in the induction and perpetuation of the autoimmune reaction (Polihronis et al,1998) . Different factors implied in such reaction were found, such as overexpression of HLA DR molecules (Fox et al, 1986) , proinflammatory cytokines (Fox et al, 1998) , oncogenes (Skopouli et al, 1992) , and autoantigens (Warhen et al, 1998) .
Among the cytokines of interest, prolactin (PRL) seems to be one closely linked to autoimmune diseases. The peptide hormone prolactin belongs to the cytokine superfamily of the helix bundle peptide hormones (Goffin et al, 1996) and its receptors are genetically a part of the cytokine-hematopoietin receptor superfamily (Cosman, 1993) . PRL is known to stimulate humoral and cell-mediated immune responses and may have a role in the pathogenesis of various autoimmune diseases, including systemic lupus erythematosus (Jimena et al, 1998; Neidhart, 1996) . Furthermore, hyperprolactinemia was found in 46% of patients with primary Sjö gren's syndrome (Gutié rrez et al, 1994) , correlation between high levels of prolactin and active disease has been observed (Allen et al, 1996) , and serum PRL was recently associated with extraglandular disease manifestations in primary SS (Haga and Rygh, 1999) .
In this work, we investigated whether PRL is expressed in labial salivary glands (LSG) of patients with SS. We thus immunohistochemically looked for the presence and the tissue localization of PRL, Prolactinreceptor (PRL-R), and S100A6 protein, a PRL-Rassociated-protein (Murphy et al, 1988) , in the LSG from SS patients and from normal subjects, and investigated whether salivary glandular epithelial cells synthetized and differentially expressed PRL subtypes in controls and patients with SS.
Results

Characterization of PRL, PRL-Receptors, and S100A6 Protein in Labial Salivary Glands of SS and Control Subjects
Prolactin immunoreactivity was prominently detected in acinar (22.9 Ϯ 4.8%) ( Table 1) and ductal (24.3 Ϯ 7.1%) epithelial cells of SS labial salivary glands (Fig.  1, A , G to H), whereas the percentages were lower in control acinar (2.7 Ϯ 1.4%) and similar (21.7 Ϯ 11.4%) in ductal epithelial cells (Fig. 1B) . The staining intensity was slightly but significantly increased ( p ϭ 0.04) in the acinar cells of SS compared with controls.
PRL-R immunoreactivity was primarily localized in the cytoplasm (Fig. 1, C to D) . The PRL-R was present in ductal epithelial cells only, from SS (65.3 Ϯ 8.9%) and controls (46.5 Ϯ 14.3%), with no statistical difference ( p Ͼ 0.05) between these two groups.
Although the S100A6 protein was absent from acinar epithelial cells, it was highly expressed in ductal epithelial cells (80.9 Ϯ 8.5%) of SS biopsies (Fig. 1E ), but significantly ( p ϭ 0.03) lower in controls (34.5 Ϯ 13.9%). Furthermore, the ductal S100A6 staining intensity clearly increased in SS compared with controls ( p ϭ 0.004). S100A6 immunoreaction was significantly and positively correlated ( p ϭ 0.01) with PRL-R staining.
Infiltrating mononuclear cells were not immunoreactive for PRL in LSG from SS patients (Fig. 1, G to H) , as well as for PRL-R and S100A6 protein (Fig. 1, C and E) .
Synthesis of Prolactin-Like Proteins in Glandular Epithelial Cells of SS Patients
A Western blot using homogenates prepared with biopsies obtained from ten different patients with primary SS indicated the presence of 60-kDa PRL (data not shown). Three paired (one from SS and one from a normal subject) labial salivary gland biopsies were used to visualize protein synthesis and, after immunoprecipitation, PRL synthesis. The total amount of aminoacids incorporated into proteins, as measured by TCA precipitation, was comparable in each paired biopsies (not shown). Thus, in our experimental conditions, no significant difference in overall protein synthesis could be seen between SS and normal salivary glands. Immunoprecipitation, electrophoresis, and autoradiography of the neosynthetized proteins revealed a major band of proteins around 60 kDa and another band at 16 kDa in the SS glands, whereas barely detectable radioactive bands were seen in immunoprecipitates from normal glands (Fig. 2) . To verify the specificity of the antibody, immunoprecipitation of human pituitary was also performed. Two bands were obtained, one at 22 kDa, corresponding to pituitary PRL, and the other at 60 kDa (not shown). Figure 3 shows the presence of prolactin transcripts in the four SS labial salivary glands (lanes 2, 4, 8, and 9) but not in the five healthy controls (lanes 1, 3, 5, 6, and 7). The lanes 10, 11, and 12 are positive controls for the expression of the prolactin gene, respectively two pituitary glands (lanes 10 and 11) and human normal brain cDNA (lane 12). 
Expression of Prolactin Gene
Figure 1.
Immunohistochemistry of human salivary glands. Localization of prolactin (PRL), prolactin receptor (PRL-R), and S100A6 protein in labial salivary gland (LSG) biopsies from patients with Sjögren's syndrome (SS) (A, C, and E, respectively) and controls (B, D, and F, respectively). A and G to H illustrate PRL immunoreactivity visible in the acinar epithelial cells of LSG from SS compared with controls (B). C and D show that PRL-R was only detected in ductal epithelial cells from SS patients and poorly in controls. E and F show S100A6 protein immunoreactivity in ductal epithelial cells only in SS minor salivary glands. Note the S100A6 staining in nervous tissue (arrowheads). The right half of G shows a mononuclear infiltrate negative for PRL; the left half shows PRL positive epithelial cells (original magnification, ϫ250). H shows PRL negative lymphocytes (arrows) at a higher magnification (original magnification, ϫ400).
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Relation Between Prolactin Expression and Clinical Manifestations
Association between the presence of PRL in acinar cells and clinical extraglandular manifestations was made. Three groups defined as normal, SS with, and without extraglandular manifestations were analyzed. The results show that PRL-immunoreactivity in acinar epithelial cells of labial salivary glands was 2.7 Ϯ 1.4% in normal group, 6.2 Ϯ 3.2% in SS without, and 40.2 Ϯ 8.1% with extraglandular manifestations ( p ϭ 0.001) (Fig. 4A ).
Relation Between Prolactin Expression and Antinuclear Autoantibodies
PRL expression in the acinar epithelial cells of SS salivary glands increased significantly ( p ϭ 0.04) with the presence of anti-Ro/SS-A and anti-La/SS-B antibodies (Fig. 4B) . Four of 13 patients in the secondary SS group have positive antinuclear antibodies without identification of anti-Ro/SS-A or anti-La/SS-B. In these four patients, almost no PRL positive cells were found.
Discussion
The present study shows that big prolactin is overexpressed in labial salivary glands from patients with SS. Two prolactin proteins were identified, ie, a major band at approximately 60 kDa and second at 16 kDa. Although located on one single gene coding for a 21,500 Dalton single chain polypeptide, prolactin may occur in 60 kDa (big prolactin) (Von Werder and Clemm, 1974) and 150 kDa (big-big prolactin) (Larrea et al, 1987) . Big prolactin is able to bind concanavalin A (Shoupe et al, 1983) and therefore is a glycosylated form. Incidentally, if big prolactin is a glycosylated form of the single prolactin polypeptide chain, approximately 180 sugar moieties (hexoses) should be covalently linked to the 227 PRL aminoacids, which does not seem to be of steric hindrance for epitope recognition by the monoclonal antibody raised against the native 22-kDa prolactin. Production of big prolactin has already been associated with other autoimmune diseases, particularly with systemic lupus erythematosus. In these patients, big prolactin is produced in peripheral blood mononuclear cells (Larrea et al, 1997) . In our study the cell types expressing big prolactin in SS patients is different. Why there is such a difference in the tissue expression is not known, but big prolactin expression has previously been observed in activated peripheral blood mononuclear cells (Sabhrawal et al, 1992) , as well as in vascular and epithelial tissues (Wu et al, 1996) . More interesting is the close genomic linkage between HLA alleles and the prolactin gene. Indeed, human prolactin gene is located on chromosome 6 (Owerbach et al, 1981) , more particularly in the interval 6p22.2 to p21.3 (Evans et al, 1989) close to specific HLA alleles. This regional assignment is of interest because a recent study (Brennan et al, 1997) presented data that there may be linkage disequilibrium between HLA-DRB1 alleles and microsatellite marker close to the prolactin gene among women with rheumatoid arthritis and systemic lupus erythematosus. Such genetic susceptibility has also been described in primary SS Jean et al, 1998) . Taken together, our data give further substance to the hypothesis that high prolactin production is linked to autoimmune diseases, including Sjö gren's syndrome. We also demonstrated that synthesis of a 16-kDa prolactin slightly increased in SS patients. 16-kDa prolactin is the result of the enzymatic cleavage of 22-kDa prolactin (Mittra, 1980) , and it has recently been found that the 16-kDa compound has an antiangiogenic effect (Struman et al, 1999) . The presence of PRL receptors was shown in striated duct cells using either anti-PRL-receptor or anti-S100A6 antibodies. The antibody we used could not distinguish between the long or short form of the PRL-receptors family. The calcium-binding S100A6 protein (also named calcyclin) is an associated PRL-receptor protein, which like PRL binds Zn 2ϩ (Heizmann and Cox,
Figure 2.
Synthesis of prolactins by human salivary gland from SS patients and normal subjects. Salivary glands were metabolically labeled in the presence of 35 S-cysteine and 35 S-methionine for 8 hours. Radiolabeled proteins from the tissue homogenates were immunoprecipitated with human anti-prolactin antibody. The positions of molecular mass markers are indicated by arrows. CT, control subject; SS, Sjögren's syndrome patients.
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1998), was detected in ductal cells from human salivary glands (Huang et al, 1996) and stimulated in vitro secretion of mouse placental lactogen (Farnsworth and Talamantes, 1998) . We therefore used anti-S100A6 antibody against PRL-receptor and obtained a good correlation between S100A6 localization and PRL receptors. The cytoplasmic nature of the PRL-R labeling is in accordance with observation by others (Garcia-Caballero et al, 1996) and may be explained by the rapid internalization of the PRL-R complexes by endocytosis (Genty et al, 1994) . Our results thus suggest a correlation between the presence of big prolactin and prolactin receptors, but further experiments are to be made to demonstrate if big prolactin is indeed interacting with prolactin receptors and able to activate or inhibit the receptors.
Interestingly, the presence of anti-Ro/SS-A and anti-La/SS-B antibodies was associated with a higher percentage of prolactin in acinar epithelial cells of SS labial salivary glands. Hyperprolactinemia was reported to be associated, in young women (Ͻ 50 years old), with a higher incidence of autoantibodies, including anti-dsDNA and anti-Ro/SS-A; and in women of Ͼ 50 years, with anti-Ro/SS-A and anti-La/SS-B (Allen et al, 1996) . This finding enhanced the hypothesis that PRL may induce the production of autoantibodies (Gutié rrez et al, 1996) . Finally, our observation that association between elevated expression of PRL in the salivary acinar cells of SS patients and clinical extraglandular manifestations, which is in agreement with Haga and Rygh (1999) , led us to propose that big PRL can be a clinical sign of a more aggressive disease. However, the exact clinical significance of high PRL levels in acinar epithelial cells of labial salivary glands from SS patients needs to be clarified through longitudinal studies.
Materials and Methods
Patients and Controls
Twenty-six patients with a diagnosis of SS without evidence of endocrine disease were studied. All patients fulfilled both the San Diego (Fox et al, 1986a) and the modified European Community (Vitali et al, 1993) classification criteria for SS. Thirteen patients have primary SS (12 women, 1 man; aged 25 to 75 years, mean 56), whereas 13 have secondary SS (10 women, 3 men; aged 20 to 75 years, mean 51). All of the secondary SS were associated with rheumatoid arthritis. Fifteen healthy volunteers (14 women, 1 man; aged 22 to 67 years, mean 43) were studied as controls. The patients' characteristics are summarized in Table 2 . None of the SS or control subjects were receiving medication known to be associated with increased PRL secretion, or had documented hypothyroidism at the start of the study. Peripheral neuropathy was establish on the basis of symptoms, clinical sensory deficits, and electrophysiologic findings, and was further confirmed by a neurologist. Lung involvement included dry cough and obstructive airways disease (based on pulmonary function tests) and one case of lymphocytic interstitial pneumonitis.
Determination of Antinuclear Antibodies
An indirect immunofluorescence procedure using Hep0.2 cell substrates was employed to detect the presence and titer of antinuclear antibody (ANA; Immunoconcept, Sacramento, California). Anti-SSA/Ro and anti SSB/La antibodies were detected by means of ELISA (INOVA Diagnostics, San Diego, California).
Immunohistochemical Staining
After informed consent was obtained from each subject under study, labial salivary gland tissue biopsies were performed in patients with SS and in normal volunteers. Immediately after removal, tissue specimens were fixed in 4% buffered formaldehyde and embedded in paraffin. Sections 5 m thick taken from each specimen were subjected to processing with the different histochemical probes and kit reagents under study: anti-mouse IgG 1 monoclonal antibody (Mabs) against human prolactin, diluted to 1:100 (BioGenex, San Ramon, California); Mabs against prolactinreceptors (1:100 dilution; Affinity Bioreagents, Golden, Colorado); goat antibodies against recombinant human S100A6 protein (1:10,000 dilution). Incubation with labeled probes was carried out at 25 Ϯ 1°C for RT-PCR analysis of prolactin mRNA expression. Lanes 2, 4, 8, and 9 are labial salivary glands from four patients with SS; lanes 1, 3, 5, 6, and 7 are labial salivary glands from five healthy controls; lanes 10, 11, and 12 are positive controls for the expression of PRL gene, respectively two pituitary glands (lanes 10 and 11) and human normal brain cDNA (lane 12).
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Laboratory Investigation • February 2000 • Volume 80 • Number 2 60 minutes (PRL and PRL-R) or 120 minutes (S100A6 protein). The extent of the specifically bound biotinylated probes was visualized by avidin-biotinperoxidase complex (ABC) kit reagents (Vector Labs, Burlingame, California), with diaminobenzidine/H 2 O 2 as the chromogenic substrate. Two types of controls were performed: the first control included the omission of the incubation step with the primary antibody to verify the absence of any staining by unspecific binding of reagents, horseradish peroxidase, and avidin; and the second control included the preincubation of the respective antibodies (at their working dilutions) with 1 g/ml of pure hPRL (Sigma-Aldrich, Belgium) and recombinant human S100A6 . Both controls gave no staining (data not shown). Counterstaining with Toluidine blue concluded the routine.
Immunoprecipitation Assay
Labial salivary gland biopsies from SS patients and normal subjects were collected within the same hour, immersed in medium, and further incubated for 1 hour in methionin-and cystein-free medium (DMEM; ICN Biomedicals, Irvine, California) at 37°C in the CO 2 incubator. Tissues were labeled with 0.1 mCi/ml of TRAN 35 S-LABEL (1175 Ci/mmol; ICN) for 8 hours at 37°C in the same medium. The tissue samples were washed three times with cold PBS and homogenized in a Teflon glass homogenizer using 500 L RIPA lysis 
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buffer that included 0.1 M Tris HCl, pH 7.4, 0.15 M NaCl, 1 mM PMSF, 0.1% (w/v) SDS, 1 mM EDTA, 1% (w/v) Triton X-100, 0.5% (w/v) aprotinin, and 0.5% (w/v) sodium deoxycholate (Cheresh and Spiro, 1987) . Homogenates were centrifuged at 3,000 g for 30 minutes at 4°C and the pellets discarded. Supernatants were loaded onto 40 l of Protein G Sepharose 4 Fast Flow (Pharmacia Biotech, Upsala, Sweden). After addition of monoclonal anti-human prolactin (Biogenex, San Ramon, California) (1:60 dilution) and incubation overnight at 4°C, the precipitated immune complexes were washed with PBS 0.1% Triton X-100, PBS 0.5 mM NaCl, and PBS before dilution in 40 l of Laemmli buffer. Samples were analyzed by electrophoresis on 12% SDS PAGE under reducing conditions. Radiolabeled immunoprecipitated proteins were visualized by autoradiography. Control immunoprecipitation was made using no antibody to verify the absence of unspecific immunoglobulins retained on protein G sepharose beads in SS (data not shown). The total amount of radioactive amino-acid incorporated into proteins was estimated by TCA precipitation obtained from whole homogenate. This control allowed us to count and verify that normal and SS tissues had incorporated the same amount of radioactivity into the proteins. Three independent sets of experiments gave the same results.
Determination of Immunohistochemical Staining
A semi-quantitative estimation of the immunohistochemical staining was carried out as detailed previously for lectin histochemistry in meningiomas (Salmon et al, 1996) . This method was based on a distinct estimation of both the staining intensity (SI) of each probe and the relative abundance of immunoreactive cells (labeling index, LI) in the acinar and ductal epithelial cells and infiltrating mononuclear cells of labial salivary gland biopsies. The LI variable corresponded to the percentage of positive cells in at least 20 fields (original magnification, ϫ25) per specimen. Positive cells in each section were counted field by field. The percentage of positive cells of each cell type compared with the total number of cells of that type in the sections was determined. The SI variable (assessed in the histologic fields used for the assessment of the LI variable) was graded 0 (absence of staining or staining equivalent to background staining in the negative control), 1 (weak to moderate staining), and 2 (intense staining).
Reverse Transcription and PCR
Total RNA from control and SS labial salivary glands was extracted and a DNase treatment performed using the S.N.A.P. Total RNA Isolation kit (Invitrogen, Carlsbad, California). Reverse Transcription of 750 ng of total RNA was performed with the Superscript II kit (GIBCO BRL Life Technologies). PCR were performed on cDNA samples for prolactin and glyceraldehyde-3-phosphatedehydrogenase (GAPDH), respectively, using as forward primers:5Ј-GCCATCAACAGCTGCCACACT3Ј,5ЈCGGA-GTCAACGGATTTGGTCGTAT-3Ј, and as reverse primers: 5Ј-GACTCTTCATCAGCCATCTGC-3Ј, 5Ј-AGCCTT-CTCCATGGTGGTGAAGAC-3Ј. All PCR were performed with the Taq PCR Core kit (Qiagen, Leusden, The Netherlands) on 1/10 of the volume of the room temperature reaction and 100 ng of forward and reverse primers, in a Stratagene Robocycler Gradient 96 thermocycler (Stratagene, La Jolla, California) using the following conditions: 93°C for 3 minutes; 93°C for 1 minute, 57°C for 1 minute, 72°C for 1 minute, 35 cycles; 72°C for 6 minutes; rapid cooling to 4°C. Amplified products (332 bp for prolactin, 306 bp for GAPDH) were subjected to electrophoresis on a 2% agarose gel stained with ethidium bromide.
Statistical Analysis
The Mann-Whitney test (for comparing two groups) and the Kruskall-Wallis test (for comparing more than two groups) were used to evaluate the statistical differences between the histoclinical groups (normal, primary SS, and secondary SS) and each probe expression (distinctly estimated in the acinar, ductal epithelial cells, and mononuclear cells by means of both the LI and SI variables). Correlation was revealed by means of the Kendall Tau test. All of the statistical analyses were carried out using the Statistica software (Statsoft, Tulsa, Oklahoma). 
